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SUBJECT: The E f f e c t  o f  a 1 0 0  Hour DATE: J a n u a r y  1 0 ,  1 9 6 6  

T r a n s l u n a r  F l i g h t  Time C o n s t r a i n t  

A c c e s s i b i l i t y  - Case 310 W .  D .  Kinney 
on Non-free R e t u r n  Lunar FROM: J. S. Dudek 

ABSTRACT 

A measure o f  t h e  l o s s  i n  non- f r ee  r e t u r n  l u n a r  a c c e s s i b i l i t y  

which r e s u l t s  when t h e  t r a n s l u n a r  f l i g h t  t i m e  i s  l i m i t e d  t o  1 0 0  h o u r s  

h a s  been  d e t e r m i n e d ,  Four  r e p r e s e n t a t i v e  l u n a r  a r r i v a l  d a t e s  w i t h  

u n r e s t r i c t e d  f l i g h t  t i m e s  r a n g i n g  up t o  1 2 6  h o u r s  were s e l e c t e d  f o r  

s t u d y .  A compar ison  o f  t h e  a c c e s s i b i l i t y  c o n t o u r s  o b t a i n e d  f o r  t h e  

r e s t r i c t e d  and u n r e s t r i c t e d  f l i g h t  t imes shows that  t h e  w e s t e r n  

boundary o f  t h e  a c c e s s i b l e  r e g i o n  i s  t h e  o n l y  one a f f e c t e d  and t h a t  

t h e  r e s u l t i n g  l o s s  i n  a c c e s s i b l e  area i s  a t  most 6% f o r  any g i v e n  

a r r i v a l  d a t e .  I n  p a r t i c u l a r ,  t h e  e n t i r e  S t a n d a r d  Apo l lo  Block 

( +  - 5' l a t i t u d e  b y  - + 45O l o n g i t u d e )  r ema ins  a c c e s s i b l e  on e v e r y  d a y .  
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Accessibility - Case 310 W. D. Kinney 

MEMORANDUM FOR F I L E  

Introduction 

The results of a lunar accessibility study using 
non-free return translunar trajectories were recently published 
in Reference 1. In determining the accessible area on the sur- 
face of the Moon for that investigation, the translunar flight 
time ( o r  equivalently the translunar injection energy) was 
nominally unconstrained. The purpose of this memorandum is 
to discuss the effect on non-free return accessibility if the 
translunar flight time is restricted to be 100 hours or less.* 

Method of Approach 

The results presented in Reference 1 include acces- 
sibility contours for 44 lunar arrival (deboost) dates distributed 
over the 20 year period from 1968 to 1987. Translunar trajectories 
with flight times exceeding 100 hours contributed to the boundaries 
of 24 of these contours. In order to estimate the effect of the 
flight time constraint, the accessibility curves for four arrival 
dates with long flight times (up to 126 hours) were recomputed 
with the flight time restricted to 100 hours. 

Results 

The greatest flight time encountered in the original 
study was 126 hours and corresponds to the arrival date 
November 29, 1977. The loss in accessible area for this date 

*In the free return case the translunar flight time is 
always less than 100 hours. 
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which r e s u l t s  when t h e  t ime of  f l i g h t  i s  l i m i t e d  t o  1 0 0  h o u r s  
i s  shown as t h e  shaded r e g i o n  i n  F i g u r e  1 and c o m p r i s e s  o n l y  
abou t  6 %  o f  t h e  o r i g i n a l  a r e a .  T h i s  f i g u r e  a l s o  shows t h a t  t h e  
e a s t e r n  boundary o f  t h e  a c c e s s i b l e  r e g i o n  i s  n o t  a f f e c t e d  by  
t h i s  c o n s t r a i n t .  

The a c c e s s i b l e  a r e a s  f o r  t h r e e  a d d i t i o n a l  a r r i v a l  
da t e s  w i t h  maximum a s s o c i a t e d  times o f  f l i g h t  o f  1 2 1 ,  118 ,  and 
1 1 4  h o u r s  were a l s o  recomputed,  and t h e  loss i n  a c c e s s i b l e  area 
W Q i ,  l u u t l u  t o  be froiii 2 t o  4% of t h e  or3 ig ina i  a rea .  The r e s u i t i n g  
c o n t o u r s  are  n o t  ma te r i a l ly  d i f f e r e n t  f rom t h a t  shown i n  F i g u r e  1 
and t h e r e f o r e  a r e  n o t  p r e s e n t e d  h e r e .  I n  e a c h  c a s e  t h e  ex t r eme  
p o l a r  r e g i o n s  o f  t h e  Moon remain a c c e s s i b l e ,  and t h e  w e s t e r n  
b o u n d a r i e s  a re  t h e  o n l y  ones  a f f e c t e d  by  t h e  c o n s t r a i n t .  

..-- n -..- ;1 

Although o n l y  f o u r  a r r i v a l  da t e s  have been  examined,  
t h e  r e s u l t s  o b t a i n e d  a r e  t y p i c a l  o f  t h e  r e s u l t s  which would b e  
o b t a i n e d  f o r  any o t h e r  d a t e s .  

C o n c l u s i o n s  

Based on t h e  r e s u l t s  o b t a i n e d  f o r  t h e  f o u r  s e l e c t e d  
a r r i v a l  d a t e s ,  i t  i s  concluded  t h a t  l i m i t i n g  t h e  t r a n s l u n a r  f l i g h t  
t i m e  t o  l e s s  t h a n  1 0 0  h o u r s  c a u s e s  a t  most a 6 %  r e d u c t i o n  i n  
t h e  a c c e s s i b l e  area f o r  any g iven  a r r i v a l  da te .  The.acea l o s t  
i n  e a c h  c a s e  l i e s  i n  t h e  w e s t e r n  hemisphere  o f  t h e  Moon and has 
t h e  g e n e r a l  a p p e a r a n c e  shown i n  F i g u r e  1. Al though t h e  r e s u l t i n g  
loss i n  t h e  monthly and l o n g  t e r m  a c c e s s i b i l i t y  h a s  n o t  been  
e x p l i c i t l y  d e t e r m i n e d ,  no a p p r e c i a b l e  r e d u c t i o n  i n  a c c e s s i b l e  
a r e a  i s  t o  be e x p e c t e d .  I n  p a r t i c u l a r ,  t h e  e n t i r e  S t a n d a r d  
Apo l lo  Block  r ema ins  a l w a y s  a c c e s s i b l e  t h r o u g h o u t  t h e  2 0  yea r  
p e r i o d  s t u d i e d .  n $” J .  S .  dbk Dudek 
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I A R R I V A L  D A T E  - 29 NOVEMBER 1977. 

0 T H E  SHADED AREA R E P R E S E N T S  T H E  R E D U C T I O N  I N  A C C E S S I B I L I T Y  R E S U L T I N G  
FROM T H E  100 HOUR F L I G H T  T. IME C O N S T R A I N T .  

F I G U R E  I - T Y P I C A L  R E D U C T I O N  I N  NON-FREE R E T U R N  LUNAR A C C E S S I B I L I T Y  
FOR A S I N G L E  D A Y  WHEN T H E  T R A N S L U N A R  F L I G H T  T I M E  I S  

R E S T R I C T E D  T O  100 HOURS 


